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Photonic devices for optical and optoelectronic 

information processing 



Specification 

This application is a continuation-in-part of International 
application PCT/US00/41720, filed November 1, 2000, which is - 
incorporated by reference in its entirety, herein. 

Field of the Invention 

The present invention relates to photonic devices in 

general and especially to photonic devices as used in optical 

and optoelectronic information processing and as used for 

transmitting and storing of optical signals. 

Prior Art 

With increased information densities and ever increasing 
transmission rates of information carrying signals optical 
and optoelectronic devices, i.e. devices interacting with 
photons became of severe • interest . However, in many cases for 
different applications different materials had and have to be 
employed. Often it is difficult to connect these different 
materials without introducing reflection, absorption or 
without generating centers of stray light. Not only losses 
are due to these detrimental effects but also a reduction of 
the bit error rate or a reduced signal to noise ratio of the 
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information carrying optical signals. More than this, if 
stray light is feed back into an amplifying system it may 
happen that based on the amplification characteristics of 
this system deleterious intensities of interfering noise 
signals are generated often decreasing also amplification 
characteristics for other signals. 

Summary of the Invention 

It is an object of the present invention to ameliorate 
the above-described problems and -to provide photonic devices 
which are adapted to a plurality of applications based on 
preferred combinations of materials having characteristic 
benefits without introducing unwanted cross -talk or other 
effects having a negative influence on the quality of optical 
signals. 

This object is obtained in a surprisingly simple manner 
with a. photonic device comprising a first section including a 
material adapted to interact with photons, a second section 
including a material adapted to interact with photons, with 
an area of said first section and an area of said second 
section abutting each other and wherein at least a part of 
said first area and a part of said second area defines a low 
temperature bonding area., 

A low temperature bonding area is defined according to 
the present invention as an area where, a surface area of at 
least a first material or article is connected or bonded to a 
surface area of a second material or article by means of a 
low temperature bonding process or method, such processes and 
methods being defined in more detail in United States patent 
application "Low Temperature Joining of Phosphate- Glass" 
filed- on November 1, 1999, Serial No.: -09/430,885. which 
document is incorporated here by reference.. Joining of 
further materials, i.e. joining and bonding of materials as 



oxide glasses, Si0 2 glasses, especially doped Si0 2 glasses, 
multi coated glasses, fluoride glasses, chalcogenide glasses, 
joining of crystals, especially LiNb0 3 crystals, 
semiconductors, especially semiconductors as*GaAs, InP, 
GaAsP, GaAlAs , Si and joining of mixed combinations of the 
above-mentioned materials is described in more detail in "Low 
Temperature Joining of Phosphate Glass" filed in the United - 
States Patent and Trademark Office on November 1, 2000 
(PCT/US00/41721) , and being a continuation in part 

application of above-cited US application "Low Temperature 
Joining of Phosphate Glass" filed on November 1, 1999, Serial 
No.: 09/430,885 which continuation in part application also 
is incorporated herein by reference. 

Connecting two waveguiding materials by conventional 
techniques has been time consuming and therefore expensive. 
According to a common prior art processing method in a first 
step the two devices to be connected had to undergo a 
waveguide structuring process. Solely in a second step, • the 
two devices had been connected. Thus, alignment of the two 
waveguiding structures had to be carried out up to now with a 
very high accuracy. Moreover, a further drawback of the 
conventional technique is that each device had to' be joined 
separately. 

The low temperature bonding process^ as used here, 
however, allows for a cost effective mass production: the 
substrates are joined in large blocks and separated later 
into individual slices. The waveguides are implemented 
thereafter in the already joined substrates. Therefore, 
alignment of the waveguides is not necessary in a photonic 
device according to the invention. 

A still further advantage of the inventive low 
temperature bonding process is an improved reliability and 
lifetime of the bonded devices as compared to e.g. epoxy 



bonds . 

In the description of the present invention the terms 
photon and light are used essentially for the same physical 
underlying effects of generation, transportation and 
absorption of electromagnetic energy, however, a more 
photonic character is encountered in general and then the 
term photon used if very small intensities are discussed or 
when absorption or generation or emission effects take place, 
whereas light seems to be a more appropriate expression for 
huge amounts of photons where intensity fluctuations are of a 
minor concern or if interference, diffraction and refraction 
are predominating effects. 

Based on the above-cited joining processes and methods 
said low temperature bonding area connects said first area 
and said second area mechanically and optically with very 
little losses and essentially no centers for stray light or 
reflections are introduced into the propagation path of 
photons crossing this low temperature bonding area. 

According to the broad gist of the invention, said 
interaction with photons comprises one ore. more interaction 
types" of the group of interactions consisting of transmission 
of photons, reflection of photons, guiding of photons, 
absorption of photons, generation of photons, emission of 
photons, diffraction of photons, refraction of photons, 
superimposing photons and generation of photon interference. 

Based on the broad applicability of the said low 
temperature bonding processes and methods many different 
materials may be bonded together to obtain optimum' 
characteristics for different applications. Consequently, for 
many applications said first material has at least a portion 
where an index of refraction is different from an index of 
refraction of at least a portion of said second material. 



If said photonic device comprises a wave guide defined 
in a surface area of said first material and said waveguide 
is covered by said second material then an essentially 
unrestricted plurality of two-dimensional wave guide 
structures can be obtained according to the invention and 
different optical devices can be interconnected by means of 
such a structure. Consequently, an essentially two- 
dimensional optical chip is defined where it is suitable to 
rely on two-dimensional wave guide structures for connecting 
active and/or passive optical components. 

Based on a process described in more detail in "Three- 
dimensional microscopic modifications in. glasses by a 
femtosecond laser"/ SPIE Conference on Laser Applications in 
Microelectronic and Optoelectronic Manufacturing IV, San 
Jose, California, January 1999, SPIE Vol. 3618, p. 307 to 
317, which publication completely is incorporated herein by 
reference, waveguides are defined in areas of the bulk 
material adapted to connect two-dimensional waveguide 
structures as mentioned above. Significantly, thus an 
essentially three-dimensional optical chip is defined with 
waveguides connecting active and/or passive optical 
components . 

Moreover, if a. two-dimensional waveguide structure is 
connected at its surface to active and passive optical 
elements, then a surface mounted optical circuit is realized 
and mounting and assembling techniques as known from 
electronic and semiconductor industries are applicable to a 
great extend. 

In a preferred embodiment, said photonic device is a 
transmitter and said first section comprises a light source 
and said second section comprises a splitter for splitting a 
propagation path of photons emitted by the light source into 
a plurality of propagation paths. Advantageously, a modulator 
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is connected to the splitter for modulating a phase of the 
photons transmitted through the modulator, thus an amplitude 
or intensity modulation and an additional modulation of the 
optical phase of the signal is obtainable. 

In a further preferred- embodiment , said photonic device 
is an amplifier and said first section comprises a wavelength 
dependent splitter splitting different wavelengths into 
different .propagation paths and said second section comprises 
an amplifying material at least for one of the wavelengths 
associated with one of the' propagation paths of the 
wavelength dependent splitter. 

An ultra broadband amplifier is provided having a 
extreme broad spectral gain if said wavelength dependent 
splitter splits light into a plurality of different 
wavelengths and each of the different wavelengths is 
associated . with a different propagation path and said second 
section comprises a plurality of portions comprising an. 
amplifying material associated with- at least one "of the 
wavelengths. Preferably, each of the portions comprising 
amplifying material is containing a dopant being a rare earth 
element adapted in its amplifying characteristics to said 
associated wavelength for amplifying light of said associated 
wavelength. 

In a still further preferred embodiment said splitter is 
an arrayed waveguide grating (AWG) and splits light into 
transmission bands .essentially centered at 1,3 ^m, 1,4 /xm and 
1,5 ^m, said 1,3 /xm transmission band being associated with a 
Praseodym doped. Chalcogenide glass and said associated diode 
laser light source having a pump light wavelenghts centered 
at about 1020 nm, said 1,4 fim transmission band being 
associated with a Tm doped Fluoride glass and said associated 
diode laser light source having a pump light wavelenghts 
centered at about 800 nm and said 1,5 /im transmission band 
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being associated with an Erbium doped Phosphate glass and 
said associated diode laser light source having a pump light 
wavelenghts centered at about 980 nm. 

In a further alternate preferred embodiment said 
5 photonic device is an amplifier having a plurality of 

amplification portions, comprising amplifying material and 
arranged serially in a direction of the propagation of light 
and wherein said first section comprises a first 
amplification portion. and said second section comprises a 

10 second amplification portion. Significantly, also in this . 
embodiment said plurality of amplification portions define 
and overall spectral gain which- has an increased gain -over an 
extended wavelength interval . with a improved gain flatness in 
comparison to one of the said amplification portions. 

15 In a still further preferred embodiment, said photonic 

device is a receiver and said first section comprises a photo 
detector and said second section comprises at least a 
waveguide for guiding photons to the photo detector. 

If said second section comprises a light amplifying 

20 material for amplification of photons propagating in said 
waveguide also low intensity signals are detectable with a 
high. signal to noise ratio. Advantageously, said amplifying 
material comprises a rare earth dopant which is optically 
pumped by a light source. 

25 * In a still further preferred embodiment sa.id photonic 

device is an optical add/drop multiplexer and said first 
section comprises a demultiplexer for demultiplexing light 
into a plurality of propagation paths and said second section 
comprises optical switching means for switching between light 

30 from the multiplexer and added light, said second section is 
connected to a multiplexer section for multiplexing light 
from a plurality of propagation paths to a single propagation 
path. 
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Advantageously, said switching means comprise Mach 
Zehnder type interferometers for essentially absorption free 
switching of the propagation direction' of photons based on an- 
alteration of the optical path length in at least one of the 
arms of the Mach Zehnder interferometer. 

Very durable and reliable photonic devices are provided 
if said alteration of the optical . path length of said at 
least one arm of the Mach Zehnder interferometer is 
introduced thermoopt ically . High speed applications introduce - 
said alteration of the optical path length of said at least 
one arm of the Mach Zehnder interferometer electroopt ically . 

Moreover, switching means like mirrors switching optical 
paths within micro electromechanical systems (MEMs) or within 
micro magnetical systems advantageously could be connected to 
input/output optical waveguides as f.i. planar optical 
waveguides or linear or two-dimensional arrays of optical 
fibers. 

If in a still further preferred embodiment said photonic 
device has at least a first waveguide in said first section 
comprising a material having, an index of refraction nl with a 
positive temperature coefficient dnl/3T and with at least 
second waveguide in said second section comprising a material 
having an index of refraction n2 with. a negative temperature 
coefficient 9n2/9T said first and said second waveguides 
being optically connected to each other a predefined" 
temperature dependence of . the overall or effective index of 
refraction is obtainable. In a most preferred embodiment a 
temperature coefficient of an overall or effective index of 
refraction encountered by a photon propagating through the 
first and second waveguide is 'essentially temperature 
independent . 

In a still further preferred embodiment said photonic 
device is a multiplexer/demultiplexer comprising a plurality 
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of first waveguides, a plurality of second waveguides and a 
plurality of third waveguides and has an essentially' 
temperature independent index of refraction. 

Further preferred embodiments are comprising one ore 
5 more elements of the group consisting of filter based 

wavelength divisional multiplexers WDM , dense wavelength 
divisional multiplexers, variable optical attenuators, filter 
modules for dispersion compensation, gain flattening filters, 
lenses, collimators and micro optical arrays. 
10 The invention is described in more detail and based on 

preferred embodiments below and reference is made to the 
accompanying drawings in which: 

Fig. 1 shows a preferred process scheme for a low 
15 temperature bonding process for preparation and 
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Fig. 2 



Fig. 3 



production of the inventive photonic devices, 
shows a first embodiment of a photonic 
device being a two-dimensional waveguide structure, 
shows a second, embodiment of a photonic device 
being a three-dimensional waveguide structure, 



Fig . 4 



shows -different cross sections of a three- 
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Fig. 6 



Fig . 8 



Fig. 5 



Fig. 7 



dimensional waveguide structure as indicated' in 
Fig. 3, * 

shows a third embodiment of a photonic device being 

a transmitter including a laser diode pumped glass 

based multiwavelength light source, 

a modulator and an optical amplifier, 

shows a fourth embodiment of a photonic device 

being an ultra broadband amplifier, 

shows a fifth embodiment of a photonic device 

being a hybrid gain flattened broadband amplifier, 

shows spectral gain characteristics for a hybrid 



gain flattened amplifier as depicted in Fig. 6, 
Fig. 9 shows a sixth embodiment of a photonic device being 

a receiver. cascaded with adjustable single channel 

optical amplifiers, 
Fig. 10 shows a seventh embodiment of a photonic device 

being an optical add/drop multiplexer, 
Fig. 11 shows an eighths embodiment of a photonic device 

being an arrayed waveguide grating (AWG) having a 

compensated temperature dependence of the index of 

refraction, 

Fig. 12a variations of the temperature coefficient of the 
absolute index of refraction as a function of the 
temperature for different glasses at a wavelength 
of about 4 3 5.8 nm 

Fig. 12b temperature coefficient of the 

absolute index of refraction as a function of the 
wavelengths for different glasses at a temperature 
of 20°C, 

Fig. 13a variations of the temperature coefficient of the 
absolute index of refraction as a function of the 
temperature and of the wavelengths for a specific 
transparent material, 

Fig. 13b variations of the temperature coefficient of the 
absolute index of refraction as a function of the 
temperature and of the wavelengths for a further 
specific transparent material. 

Detailed Description of preferred embodiments 

For the sake of clarity and for a better understanding 
of the invention drawings as attached hereto are only a 
schematic representation of the preferred embodiments and 
certain characteristics thereof but not drawn to scale. 



Fig. 1 illustrates the Low Temperature Bonding process 
as used f.i. for the production of photonic devices; In a 
first step, polished surfaces of two different glass blocks a 
and b are joined together with a specifically adapted 
■solution. 

In a second step, the joined blocks a, b are subject to 
an applied increased pressure and a low temperature bake. 

In step three the blocks a, b are sliced into individual 
substrates . 

Step four represents the waveguide implementation. A 
person skilled in the art will know how to produce waveguides 
in different host materials, as e.g. by ion' diffusion, ion 
exchange or photo induced refractive index change, ultra 
violet light UV exposure, femtosecond laser exposure and 
interference techniques . 

Reference is made now to Fig. 2 showing a first 
embodiment of a photonic device 1 being a two-dimensional 
waveguide structure and. providing a basis for two-dimensional 
optical circuits as integrated optical two-dimensional 
structures . 

In an optical substrate-2 having an essentially planar 
upper surface 3, a waveguide 4 is defined as known to a 
person, skilled in the art. Optical substrate 2 consists of an 
oxide glass, preferably a Si0 2 glasses or a doped Si0 2 glass. 
For specific applications optical substrate 2 alternatively 
consists of or comprises a silicate glass .or other oxide 
glasses, a fluoride glass, a chalcogenide glass or consists 
of a crystal, especially a LiNb0 3 crystal if electrooptic 
modulation or switching is intended. Optical substrate 2 
comprises a semiconductor material , especially semiconductors 
as GaAs, InP, GaAsP, GaAlAs, Si and combinations thereof if 
specific transmission and refraction properties or photonic 
interaction as in light sources and. photo detectors are 



necessary or advantageous for certain applications as 
explained in more detail in view of preferred embodiments 
below. 

Waveguide 4 is defined in optical .substrate 2 by means 
of well known waveguide formation techniques as ion- 
diffusion, UV-exposure, or ion diffusion techniques 
preferably using two-dimensional mask designs. 

Optical substrate 2 and waveguide .4* define according to 
the invention a first section including a material adapted to 
interact with photons with a light guiding interaction in 
view of photons propagation along waveguide 4. 

Optical substrate 2 is covered by a further material 
defining a second section 5 with said further material also 
being adapted to interact with photons . In case of a 
waveguiding structure said second' section 5 of Fig. 1 
preferably is a bulk material having about the same index -of 
refraction as the material in section 2 and provides an upper 
cladding 'for light guiding purposes at the location of 
waveguide 4 . 

However, in general terms interaction with photons 
includes any interaction of light with material or light with 
light in a material or electric or magnetic fields or 
temperature in a material and light propagating or being 
generated or- absorbed in this material. Interaction with 
photons especially comprises one ore more interaction types 
of the group of interactions consisting of transmission of 
photons, reflection of photons, absorption of photons, 
generation of photons, emission of photons, wavelength 
conversion of photons, guiding of photons, diffraction of 
photons, refraction of photons, superimposing photons and 
generation of photon interference, linear, elliptic and 
circular polarization of photons. 



In the' first embodiment of Fig. 2 upper surface 3 of 
optical substrate 2 and lower surface 6 of upper section 5 
are abutting each other and define surface areas in close 
contact. At least a part of said surface areas being the 
upper surface of waveguide 4 is in close contact and joined 
together by a low temperature bonding process and, 
consequently, defines a low temperature bonding area. 

In "an alternate embodiment, upper surface 3 of optical * 
substrate 2 or lower surface 6 of second section 5 or both 
surfaces are coated or structured if necessary or as intended 
for light guiding purposes/ 

A coating having high reflection assists in guiding of 
photons within waveguide 4. An anti reflection coating on 
lower surface 6 assists photons entering into second section 
5, at least entering into a boundary area at the • interface 
defined by surfaces 3 and 6, which photons then are 
generating an evanescent field adapted to interact with, 
material of second section 5. 

A coating also is applicable to increase mechanical 
strength of the low temperature bond or to introduce 
additional species into the interface or boundary area, e.g. 
as laser active substances as rare earth dopants for 
amplification purposes. 

In such an alternate embodiment, said second section is 
a surface area between a first section of optical substrate 2 
and a third section then covering said second section similar 
as shown by second section 5 of Fig. 2. 

If a Bragg grating is generated in, surfaces 5 or 6 
photons propagating in waveguide 4 are exiting waveguide 4 
under a defined angle which angle essentially is defined by a 
pitch of said Bragg grating. 

In addition, light amplification is achieved if a rare 
earth doped glass is used as especially if a rare earth, such 



as Er, Yb, Tm, Nd, Pr, doped chalcogenide , fluoride or 
phosphate glass is used for the material in the first 
section, i.e. optical substrate 2 or. in the second section 5. 
In the latter case, if pump light having a wavelenghts 
adapted to a specific dopant is introduced in the direction 
of arrow A of Fig. 2, then photons propagating in waveguide 4 
are having an evanescent field extending into second section 
5 and being amplified by said material of second section 5. 

The embodiment of Fig. 2 is not restricted to 
rectangular dimensions as optical substrate 2 and waveguide 4 
could define a laterally extended substrate in which two- 
dimensional optical circuitry is arranged and second section 
5 could be a locally restricted amplifier for amplification 
of light propagating within waveguide 4. Moreover, optical 
substrate 2 and waveguide 4 could define an optoelectronic 
hybrid chip whereon waveguide 4 contains laser active 
material and second section 5 an amplifying means as a pump 
light source or electronic circuitry for injection of charge 
carriers into waveguide 4 . 

Reference is made to Fig. 3 showing a second embodiment 
of a photonic device being a three-dimensional waveguide 
structure 7 also termed three-dimensional or 3D module and 
adapted to be used for a three-dimensional integration of 
photonic devices. 

For a better understanding reference is also made to 
Fig. 4 where side Is, 2s, 3s and front lv, 2v, 3v views of 
different cubes of three-dimensional waveguide structure 7 
are shown . 

As shown in Fig. 3 an optical fiber 8 is - for example 
by low temperature bonding connected to- a cube 9 which 
abuts cube 10 at a lateral side surface defining a low 
temperature bonding area between cubes 9, 10. 



1 . Instead of a cube 9 also a micro lens or a lens 
assembly as f.i. a condenser assembly can be connected to 
optical fiber 8 . These micro lenses and condenser assemblies 
are known to ' a person skilled in the art and; therefore, not 
shown in more detail in the drawings. Also a two dimensional 
array of fibers 9 can be connected to cube 9 or to a two 
dimensional array of micro lenses or condensers to said two 
dimensional array of fibers 9. 

In an alternate embodiment, cube 9 is a hybrid chip 
containing optoelectronic elements as laser sources or 
photodetectors . 

Additionally, cubes 11 , 12 , 13 , 14 abut each other at 
planar surface areas as shown in Fig. 3 and are defining low 
temperature bonding areas as described above. By means of a 
method for introducing waveguide structures into bulk 
material described in more detail in "Three-dimensional 
microscopic modifications in glasses by a femtosecond laser", 
SPIE Conference on Laser Applications in Microelectronic and 
Optoelectronic Manufacturing IV, San Jose, California, 
January 1999, SPIE Vol. 3618, p. 307 to 317, which 
publication completely is incorporated herein by reference, 
waveguides 15 and 16 are defined in the bulk material of 
cubes 9 , 10 , respectively . . 

In, a further alternate embodiment , cube 9 contains an 
optically saturable material as f.i. a dopant comprising a 
saturable dye material an absorption of which is dependent on 
a photon density or light intensity which is seen by the 
dopant. Light travelling within waveguide 15 of cube 9 
encounters different absorption coefficients dependent on a 
light intensity as may be introduced in a direction 
perpendicular to waveguide 15. In this further alternate 
embodiment, cube 9 defines a variable optical attenuator 
which provides an element for controlling photons within a 



first propagation path by photons within a second control 
propagation path, which second control propagation path could 
be a free space optical arrangement or an optical imaging 
system focussing light of the control propagation path onto 
waveguide 15 .Alternatively , a two-dimensional module as shown 
in Fig. 2 is used and bonds are made at front surfaces 17, 18 
where waveguide 4 is freely accessible. 

In cube 10 a wave splitter is defined splitting 
waveguide 16 into four branches 19, 20, 21, 22 as seen from 
side view Is of cube 10 and from front view lv. Front view lv 
is a view in direction of arrow B of Fig. .3 as seen from the 
interface between cubes 10 and 13 . 

Branch 21 extends to the left in the direction of cube 
11 and in cube 13 a side view of which is depicted in 2s and 
a front view as seen from interface of cubes 13 , 14 is shown 
in 2v further wave guiding connections are made. . 

If a sharp bend has to be introduced as indicated f .i. 
in view 2s then local Bragg gratings are used which could be 
introduced by two-dimensional structuring of an upper surface 
of an optical substrate 2 as shown is Fig. 2 which substrate 
then would be covered by a second section 5 to provide a cube 
13. Connections in the bulk material of second section 5 then 
are introduced as waveguides extending in said bulk material 
in a direction opposite arrow A of Fig. 2. 

Black dots in Figs. 3 and 4 are, defining visible contact 
areas where light guiding structures are crossing low 
temperature bonding areas . 

Branch 21 of cube 13 is connected to a waveguide 2 7 
which extends further to the left oblique to a. left surface 
of cube 13 and waveguide 28 is connected to branch 22 for 
providing an optical- link to waveguides 31 and 32, 
respectively . 
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As shown in Fig. 3 waveguides 31, 32 are connected to 
optical fibers 29, 3 0 for further communication purposes. 

In cube 14 only waveguide 2 0 defines a connection to an 
optical fiber as also seen from side view 3s*. 

This second embodiment is not restricted to cubical 
dimensions of modular elements, however, instead thereof 
essentially any rectangular dimensions and shapes of these 
elements are applicable, e.g. micro optical elements bonded 
to arrays of optical fibers as long as the necessary 
interface areas are' defined between these elements. 

In a third embodiment shown in Fig. 5 said photonic 
device is a transmitter and said first section 34 comprises a 
light source 35 and said second section 36 comprises a 
splitter 37 for splitting a propagation path 38 of photons 
emitted by light source 35 into a plurality of propagation 
paths 39, 40, 41. 

In a most preferred embodiment light source 3 5 is a 
laser diode light source or a hybrid optoelectronic chip on 
which integrated optical elements as a laser source and 
electronic amplifieres are arranged which chip is bonded at a 
low temperature bonding area 42 to splitter 37. 

For additional amplification of photons generated in 
light source 35 splitter 37 comprises a material adapted to 
amplify light from laser diode light source which material is 
in a preferred embodiment an active phosphate laser glass. 

As shown in Fig. 5 a distributed Bragg reflector 43 is 
connected to every branch 39, 40, 41 of the splitter 37 and 
thus is apt to define an external cavity for laser diode 
light source 35. Distributed Bragg reflector 43 has a 
different pitch for every branch 39, 40, 41 of the splitter 
37 defining different resonant cavities for laser diode light 
source 35' in every branch 39, 40, 41 and, thus different 
wavelenghts X lf X 2 , X 2 in different branches. 
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In the preferred embodiment, distributed Bragg reflector 

43 consists of a passive glass substrate. 

As shown- in the central part of Fig. 5, an electrooptic 
LiNb0 3 modulator 44 is connected to at least one- and in this 
embodiment to every branch 39, 40,. 41 of splitter 37 for 
modulating an optical phase of photons in a respective branch 
39, 40, 41. By means of electrical voltages applied to 
electrode pairs' 45, 46, 47 an , electrooptic alteration of the 
index of refraction of the LiNb0 3 modulator 44 is introduced 
modulating a phase of photons propagating through modulator 

44 . 

In an alternate embodiment a polarization of photons 
propagating through modulator 44, is modulated if linear 
polarized light is generated by laser diode light source 35 
and feed to modulator 44 and only one transversal component 
of the electric field vector of .said linear polarized light 
is modulated in its optical phase. 

A combiner 48 which preferably consists of silica glass 
is connected to modulator 44 for combining propagation paths 
39, 40, 41 and providing a combined propagation path 49. 

As shown in the right portion of Fig. 5, an optical 
amplifier 50 is connected' to combined propagation path 49 of 
combiner 4 8 for amplifying light propagated through combiner 
44. 

Optical amplifier 50 essentially consists of an erbium 
doped glass substrate 51 which is optically pumped by a laser 
diode light source 52, preferably at a pump light wavelenghts 
of 980 or 1480 nm. 

Amplified light is fed to an optical fiber 53 which is 
connected to the optical path 49 extending in substrate 51 by 
means of a low temperature bonding area 54 . 



The invention, however, in case of a transmitter is not 
restricted to the above -described embodiment. In more general 
terms light source 35 could be a light emitting diode or a 
diode array as well as a laser diode array feeding a 
plurality of splitters. Significantly, vertical cavity 
surface emitting lasers (VCSELs) or arrays of vertical cavity 
surface emitting lasers (VCSELs) are preferred light sources 
as the emission characteristics of emitted photons are well 
adapted for a connection to external waveguides. However, 
also glass based laser sources are applicable. 

In addition, instead of a highly sophisticated design as 
seen from the above described third embodiment said second 
section comprises in a simplified embodiment only structures 
defining a propagation path for the emitted photons as e.g. 
wave guides, optical fibers or beam splitters. 

Bragg reflectors, distributed Bragg reflectors-, tunable 
Bragg reflectors and wavelength dependent absorbers are 
applicable to adapt or correct a spectral gain of light 
source 35 for specific purposes. 

Reference is made to Fig. 6 depicting a fourth 
embodiment of a 'photonic device being an ultra broadband 
amplifier. Optical signals are fed to the ultra broadband 
amplifier through an optical fiber 55 which fiber is 
connected - for example by the low temperature bonding 
technique - to a wavelength depended splitter splitting 
optical propagation paths into three paths, a first path 56 
for a wavelength band which is centered at about 1,3 p.m, to a 
second propagation path 57 where the optical wavelength band 
is centered at about 1,4 (am and to a third propagation path 
having a wavelength band centered at about 1,5 p.m. 

Wavelength dependent splitter 59 is connected to an 
optical amplifier assembly comprising three individually 
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independent optical amplifiers 60, 61, 62. 

Amplifiers 60, 61, 62 are connected to wavelength 
dependent splitter 59 means of an low temperature bonding 
area 63 . Propagation paths extending through* wavelength 
dependent splitter 59 which preferably is, a wavelength 
division multiplexer arrayed waveguide grating structure 
(WDM-AWG) are extending through optical amplifiers 60, 61 and 
62 and are combined in optical combiner 64 into a combined 
propagation path 65 which is connected to an external fiber 
66. 

Optical combiner 64 preferably is a waveguide structure 
incorporated in a silicate glass body 67. 

If a photon enters wavelength dependent splitter 59 then 
it propagates along a propagation path associated with its 
wavelength and the photon is guided to and through an optical 
amplifier 60, 61/ 62 associated with its respective 
wavelength. Different materials in optical amplifiers 60, 61 
are associated with respective different wavelengths of the 
optical signals. 

Amplifier 60 is comprising . Praseodym doped chalcogenide 
glass and shows excellent amplification characteristics, in a 
wavelength band centered around 1,3 |^m if this glass is 
optically pumped by means of a light source 68 emitting a 
pump light wavelength of about 1020 nm. 

Optical amplifier 61 is associated with a wavelength 
band centered around 1,4 |um and comprises Tm doped fluoride 
glass which is optically pumped by light source 69 emitting a 
pump light wavelength of about 8 00 nm. 

Optical amplifier 62 amplifies light within a wavelength 
band centered around 1,5 jum and comprises Erbium doped 
phosphate glass which is- optically pumped by pump light 
source 70 with a pump light wavelength of about 980nm. 



In a most preferred embodiment pump light sources are 
Laser diode light sources which also are connected to the 
active optical material of the optical amplifier 60, 61, 62 
by means of a low temperature bonding area. 

According to this embodiment a significant extension of 
the spectral gain is obtained and essentially all relevant 
optical bands as use in optical transmission and optical 
information processing are covered by the invention.- 

In addition, this embodiment is not respected to only 
three optical amplifiers as persons skilled in the art will 
know how to add a plurality of further amplifiers in parallel 
by using an arrayed waveguide grating providing a plurality 
of different wavelength bands and by using an optical 
combiner- to combine a plurality of optical propagation paths 
extending through a plurality of optical amplifiers. 

In a fifth embodiment of a photonic device ." which is 
shown in more detail in Fig. 7 a further optical amplifier is 
depicted having an extended spectral gain widths and a 
flattened spectral gain as shown in Fig. 8. 

In Fig. 6 an optical amplification assembly is shown 
comprising amplifiers being connected in parallel. In the 
fifth embodiment of the photonic device amplifiers 71, 72 are 
connected serially by means of a' low temperature bonding area 
73 . 

Optical amplifier 71. defines a first section of the 
photonic device comprising active material as for instance 
erbium doped silica and optical amplifier 72 is defining a 
second section of the photonic device and is comprising an 
active material as e. g. erbium doped lead silicate. 

If an optical signal is fed to the hybrid amplifier by 
means of a fiber 74 which is connected to the hybrid 
amplifier by means of a low temperature bonding area at the 
fiber's exit surface light enters first amplifier 71 along a 



propagation path 76 and is amplified according to a spectral 
gain widths which is shown in Fig. 8 and depicted as curve 

(a) for a silica glass (Si0 2 ) . Travelling further along 
propagation path 76 light is further amplified in amplifier 
72 according to a spectral gain curve shown in Fig. 8 and as 
depicted by curve (c) causing an overall gain shown as curve 

(b) in Fig . 8 . * , 

It is obvious that curve (b) exhibits a broader spectral 
gain which also is flattened, if compared with curves (a) and 

(c) . 

For optimized signal processing purposes optical pump 
light sources 77, 78 are controlled in intensity based on 
signals as received from photo detectors 79, 90, 
respectively . 

In case of weak optical signals an increased gain is 
provided based on an increased intensity of pump light 
sources. 77 and 78. Thus, an amplified optical signal exits 
the hybrid amplifier shown in Fig. 7 along propagation path 
76 crossing a low temperature bonding area 81 and entering an 
optical fiber 82. 

Also this embodiment is not restricted to a number of 
two amplifiers, and a plurality of further amplifiers may be 
used for different purposes. Moreover, this embodiment is not 
restricted to a single signal fiber as also a linear fiber 
array could be connected to an array of hybride amplifiers 
which in this embodiment then also would be arranged in a row 
one next to the other. In such an embodiment Fig. 7 would 
depict only one element of a row of hybride amplifiers. 

Significantly, a person skilled in. the art also. will 
adopt basic principles of embodiments shown in Figs. 6 and 7 
to assemble optical amplifiers in a combination of parallel 
and serial arrangements. 



Reference is made to Fig. 9 depicting a sixth embodiment 
of a photonic device being a receiver cascaded with optical 
amplifiers. 

A first section of this photonic device' comprises a 
plurality of photo diodes 83, 84, 85 which are bonded by- 
means of a low temperature bonding area to optical amplifiers 
86, 87, 88, respectively. 

Light entering the receiver assembly shown in Fig. 9 
along optical fiber 8 9 enters into an arrayed waveguide 
grating 90 subsequent to crossing a low temperature bonding 
area 91 . 

Arrayed waveguide grating 90 is a wave-length dependence 
splitter splitting optical signals into a plurality of 
wavelength bands propagating along separated propagation 
paths 92, 93, 94. 

Associated with each propagation path are respective 
photo diodes 95, 96, 100 detecting the intensity of an 
optical signal propagating along these paths. According to 
the intensities detected by photo diodes 94, 95, 96 laser 
diode pump lasers 97, 98, 99 are pumping optical amplifiers 
86, 87, 88, preferably with a pump light wave length of 980 
nm in case of erbium doped phosphate glass with a pump light 
intensity being dependent on the intensity of the ..optical 
signals as described in case of the hybrid optical amplifier. 

As a consequence of the light amplification process, 
photo diodes 83, 84, 85 are exhibiting a better performance, 
especially in terms of an improved signal-to-noise ratio. 

Also this embodiment is not ' restricted to a number of 
three photo diodes, and a person skilled in the art is aware 
how to arrange a further plurality of additional photo diodes 
and optical amplifiers. 

Reference is made to Fig. 10 where a seventh embodiment 
of a photonic device is shown which device is an optical 



add/drop multiplexer . 

In a first section this photonic device comprises a 
demultiplexer to which optical signals are fed along an 
optical fiber 102. In general, arrayed waveguide grating 101 
spectrally separates signals from optical fiber 102 onto 
different propagation paths 103; 104, 105, 106 which each are 
connected to an entrance port of a Mach-Zehnder 
interferometer element 107, 108, 109, 110, respectively. 

Signals to be added are fed to a second entrance port of 
Mach-Zehnder interferometers 107, 108, 109, 110 along signal 
paths 111, 112, 113, 114 extending in a two-dimensional 
optical substrate or propagating at , least in part through an 
array optical fibers . 

In more detail a Mach-Zehnder interferometer similar to 
the interferometers 107, 108, 109, 110 is shown in upper 
right corner of Fig . 10 . This interferometer consists of two 
passive glass regions 115, 116 and a thermoopt ical glass 
region which is bonded to the passive glass regions by the 
said low- temperature bonding methods and processes. In said 
thermoopt ical glass a heat able part of a waveguide of at 
least one branch 118, 119 of said Mach-Zehnder interferometer 
introduces an optical propagation delay which causes a 
destructive or a constructive interference of signals 
transmitted through the Mach-Zehnder interferometer at exits 
120, 121. 

In an alternate embodiment a propagation delay is 
introduced by means of an electrooptic crystal in at least 
one of the arms of .the Mach-Zehnder interferometer which 
crystal replaces thermoopt ical glass region 117 . 

Based on this switching functionality, signals to be 
dropped are switched from exits of Mach-Zehnder 
interferometers 107, 108, 109, 110 to propagation paths 122, 
123, 124, 125. 



Said signals to be dropped are amplified in an 
amplification unit 126 similar to the amplification assembly 
of. ultra-broadband amplifier of Fig. 6 comprising optical 
amplifiers 60, 61, and 62 or similar to optical amplifiers 
86, 87, 88 of the receiver shown in Fig. 9. 

Optical signals exiting a respective second exit of Mach- 
Zehnder interferometers 107, 108, 109, 110 along propagation 
paths 126, 127, 128, 129 are combined by a combiner 130 and 
fed into an optical amplifier 131. 

Combiner 13 0 is an arrayed waveguide grating in a 
preferred embodiment or a combiner as shown in Fig. 6 as 
silicate glass combiner 64 of the described ultra broadband 
amplifier. 

Optical amplifier 131 is connected to an optical fiber 
132 to which the amplified and multiplexed optical signals 
are fed. 

An optical multiplexer as shown in Fig. 10 switches 
between two signal propagation paths 103, 104, 105, 106, and 
111, 112, 113, 114, respectively, however switching between 
more than two signal paths is achieved, if a plurality of 
Mach-Zehnder interferometers is connected serially as is 
readily understood by a person skilled in the art. 

In addition, the invention is not restricted to a number 
of four Mach-Zehnder interferometers connected in parallel as 
a huge plurality of parallel and serially Mach-Zehnder 
interferometers could be provided on integrated optical 
substrates being designed in its connectivity to serve a huge 
variety of different .switching application needs. 

Moreover, this embodiment is also not restricted to a 
single input fiber 102 as the arrangement depicted in Fig. 10 
could be an element of a row of optical add/drop multiplexers 
which are fed by a linear array of optical fibers 1 to n ech 



fiber of which feeds an onw optical add/drop multiplexer and 
optical output fiber could be an element of a linear output 
fiber array in which remaining elements of the optical output 
fiber array are Connected to the outputs of other optical 
add/drop multiplexers. 

Reference is made to a further preferred embodiment of a 
photonic device* as depicted in Fig. 11 where an arrayed 
waveguide grating is schematically shown. - 

If an optical signal is fed to this arrayed waveguide 
grating along an optical fiber 133 which is connected to a 
first coupler 134, then a plurality of different wavelengths 
bands centered at A.1 , \2 , A.3 , X4 is propagated along a 
plurality of waveguides all of which schematically are 
designated by numeral 135. These waveguides 135 are part of 
an optical substrate defining a first section of this 
photonic device and with a first index of refraction n x 
having a positive temperature coefficient 3n x ./dT. 

In a second section of the arrayed waveguide grating a 
second plurality of waveguides 13 6 extends in a material 
having an index of refraction n 2 and a negative temperature 
coefficient 3n 2 /'- ST. In a third section of arrayed waveguide 
grating a third plurality of waveguides 137 is defined in a 
material having a positive temperature coefficient 5n 3 /dT and 
an index of refraction n 3 . In a preferred embodiment 
materials of the first section embedding waveguides 13 5 and 
the third section comprising waveguides 137 are identical. 

Different temperature coefficients dn /dT are shown in 
Figs. 12a, , 13a, and 13b for different materials' and as a 
function of the- temperature . Fig. 12b shows typical 
wavelength dependencies of different temperature coefficients 
dn /dT for different materials.. 

It readily is seen from Fig. 12a that a combination of 



glasses as f.i. N-PK52 or N-FK51 with glasses SF6, H-LASF40, 
F2 , N-LAKB or N-BK7 exhibit a compensating effect in that an 
overall change of the index of refraction encountered by a 
photon which propagates through such a material having a 
positive and then through such a material having a negative 
temperature coefficient is decreased, if compared to a 
refractive index change of a material having solely a 
positive or solely a negative temperature coefficient. 

In a most preferred embodiment a length of waveguides 
135, 136 and 137 is chosen to provide a complete temperature 
compensation, i. e. an overall temperature coefficient which 
essentially is zero for a predefined temperature or 
temperature range. 

As a consequence of the temperature compensating effect, 
optical output signals as fed from coupler 138 to optical 
output fibers 139, 140, 141, 142 are thermally extremely 
stable . 

Due to the high-quality bond interfaces 143 and 144 
defining low temperature bonding areas no deleterious effects 
are superimposed on output signals separated and centered at 
wavelength bands at Xl , X2 , X3 , . 

According to the invention, this temperature- 
compensating functionality is not restricted to arrayed 
waveguide gratings, but might be introduced into any optical 
or photonic devices having waveguides that might be divided 
into two groups where one group comprises waveguides with a 
positive temperature coefficient and the other group 
comprises waveguides with a negative temperature coefficient. 

Significantly, not all low temperature bonding were 
discussed in detail in the present description, however, a 
further indication is given in the drawings at interface 
areas between two elements. At these locations a bold portion 
of the drawing indicates an additional low temperature 
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bonding area, even if not mentioned in more detail in the 
description. 

/ 



■!{! 



